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AMENDMENTS TO THE SPECIFICATION 

The PCT application was filed and published in the German language. In the attached 
substitute specification, paragraph numbering and headings have been added to the literal 
translation of the PCT specification, which serves as the basis fi-om which all amendments are 
made. 

The translation of the abstract is the final page of the substitute specification. 
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STENT 



BACKGROUND OF THE INVENTION 



[0001] 



The invention concerns a stent having a metallic, relatively radiolucent 



carrier structure and at least one marker element comprising comparatively 
radiopaque material. 



treatment of stenoses, that is to say, vessel constrictions. Stents usually have a tubular 
carrier structure which is open at both longitudinal ends of the tube and which is 
formed by legs and openings enclosed by the legs. Stents of that kind can usually 
assume two conditions, more specifically a compressed condition of a small diameter 
and an expanded condition of a comparatively larger diameter. In the compressed 
condition, such a stent can be introduced by means of a catheter into for example a 
blood vessel and can be positioned at a location to be treated. The stent is expanded 
or is allowed to expand of its own accord, at the treatment location. Stents which are 
not self-expanding are usually expanded by means of an inflatable balloon at a distal 
end of a catheter for insertion of the stent. Stents of that kind are therefore referred to 
as balloon-expanded. Other stents have the property of expanding of their own 
accord, for example by virtue of inherent spring forces. Stents of that kind are 
referred to as self-expanding. The self-expanding stents include in particular those 
which have a carrier structure comprising a shape memory metal such as nitinol, a 
known titanium nickel compound. Shape memory metals of that kind have the 
property of retaining a first shape or being plastically deformable below a given 
change temperature, and assuming a second shape when the change temperature is 
exceeded. In regard to stents, shape memory metals are used in such a way that the 
first shape corresponds to the compressed condition of a stent and the second shape 
corresponds to the expanded condition of a stent. 

[0003] In the expanded condition of a stent, it serves, for example, for the 

treatment of vessel constrictions (stenoses), acting as a vessel support which keeps a 
blood vessel to be treated open at a constricted location. The expanded stent acts in 



[0002] 



Stents are endovascular prostheses which serve inter alia for the 
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opposition to the vessel constriction and supports the vessel wall in the region of the 
vessel constriction. For that purpose, the stent must enjoy adequate radial strength or 
carrying force. The carrier structure of the stent must also afford adequate surface 
coverage in order adequately to support the vessel constriction. On the other hand, 
the requirement for being able to expand the stent means that openings are necessarily 
present between the legs of the carrier structure of a stent. In the compressed 
condition of the stent, those openings can be substantially closed. In the expanded 
condition of the stent, the opening is enlarged in any case. 

[0004] Besides an adequate carrying force, stents must also involve adequate 

flexibility with respect to their longitudinal axis in order to be able to follow 
movements of the vessel. In addition there is a wish for longitudinal changes in a 
stent upon expansion to be kept as small as possible. Finally the material of the stent 
or at least the surface thereof should be as body-compatible as possible. 
[0005] Those requirements have resulted in various, very sophisticated and 

diversified stent configurations. The stents which are of interest here have a carrier 
structure produced from a metal tube as the starting material. Cutting the metal tube 
for example by means of a laser or spark erosion produces the legs, as remaining 
material. Cut legs of that kind have the great advantage over stents of the first 
generation, which were shaped from wire, that the geometry of the carrier structure 
can be optimized in regard to the various different demands involved. 
[0006] That large number of demands made on stents further includes the 

requirement that the stent is to be capable of being positioned with the utmost 
accuracy. In general, the operation of positioning a stent is effected by means of 
imaging processes which, for example, operate with X-rays. In this connection, there 
is generally the disadvantage that materials which are suitable for the carrier structure 
of a stent frequently can only be detected with difficulty by means of the imaging 
processes used as the material forming the carrier structure is relatively radiolucent. It 
is therefore known to provide stents with what are referred to as X-ray markers 
containing a relatively radiopaque material which is easy to locate by means of the 
above-specified imaging processes. A known radiopaque material is for example, 
gold. 
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[0007] Usually, the need to provide X-ray markers in stents of the above- 

described kind forces compromises in terms of the stent design, which are possibly 
detrimental to others of the above-mentioned desired properties. 
[0008] An aspect of the present invention is to provide a stent which is X-ray 

visible and which moreover combines together as many as possible of the desirable 
properties. 

BRIEF SUMMARY OF THE INVENTION 

[0009] In accordance with the invention, that object is attained by a stent of 

the kind set forth in the opening part of this specification, wherein after the cutting- 
out operation, the marker element (22) is welded to the rest of the carrier structure 
(12, 16) and the radiopaque material is completely enclosed by a cover layer of a 
material other than the radiopaque material, the cover layer including metal or a metal 
compound. 

[0010] The invention is based on the basic idea of integrating radiopaque 

material as an X-ray marker for a stent into the carrier structure of the stent in such a 
way that the outwardly acting surface of the stent in the region of the X-ray marker is 
not characterized by the radiopaque material but by another metal or a metal 
compound. The metal of the cover layer of the marker element advantageously makes 
it possible for the marker element to be welded to the rest of the carrier structure after 
it has been cut out. The outwardly acting surface of the X-ray marker in that case can 
be for example of a body-compatible nature by virtue of a silicon carbite coating. In a 
particularly advantageous variant, the metal forming the cover layer is identical to the 
metal of the carrier structure and can therefore be easily connected to the rest of the 
carrier structure by welding without contact corrosion or the like occurring. 
[0011] The last-mentioned property is particularly advantageous in connection 

with a stent having a self-expanding carrier structure, for example, comprising a shape 
memory metal such as nitinol. In that case, it is possible for the X-ray marker to be 
provided in the form of a hollow nitinol wire which is filled in the interior with gold 
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and which is to be easily welded to the rest of the carrier structure of the stent. In that 
way the X-ray marker can even be integrated into the carrier structure. 
[0012] In preferred variants, a stent of that kind, in particular a self-expanding 

nitinol stent of that kind, is drug-coated. Suitable drugs contain active substances 
with inflammation-inhibiting and proliferation-inhibiting effect. Such active 
substances are for example Sartane or cyclospurin A which are joined to the carrier 
structure of the stent by means of a polymer carrier matrix. After implantation of the 
stent, the active substance or substances can elute into the body tissue and deploy 
their desired inflammation-inhibiting or proliferation-inhibiting effect. The active 
substances can thus contribute to avoiding unwanted re-stenosis or unwanted 
inflammation. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0013] The invention will now be described by means of embodiments by way 

of example with reference to the accompanying Figures in which: 
[00141 Figure 1 is a diagrammatic view of a stent; 

[0015] Figure 2 shows an example of a development of the carrier structure of 

a stent, which forms a stent peripheral wall; 

[0016] Figure 3 shows a view in cross-section through a leg portion forming 

an X-ray marker for stents as shown in Figures 1 and 2; and 

[0017] Figure 4 shows an alternative configuration to Figure 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The stent 10 shown in Figure 1 is in the form of a hollow body which 

is open at its ends and the peripheral wall of which is formed by a carrier structure 
with partially folded legs 12. The legs 12 form support portions 14 which are each 
formed by a respective leg which is closed in an annular configuration in the 
peripheral direction and which is folded in a zigzag-shaped or meander-shaped 
configuration. 
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[0019] The stent 10 is formed by a plurality of such support portions 14 which 

occur in succession in the longitudinal direction. The support portions or leg rings 14 
are connected together by way of connecting legs 16. Each two connecting legs 
which are mutually adjacent in the peripheral direction and the parts, which are in 
mutually opposite relationship between those connecting legs 16, of the leg rings or 
support portions 14 define a mesh 18 of the stent 10. Such a mesh 18 represents an 
opening in the carrier structure or peripheral wall of the stent 10. A corresponding 
mesh 1 8 is shown emphasized in Figure 1 . 

[0020] The number of leg rings or support portions 14 and the length 1 thereof 

in relation to the total length L of the stent 10 depends on the purpose of use of the 
stent. Coronary stents are usually of a shorter overall length L and have a smaller 
number of support portions 14. 

[0021] The support portions 14 arranged at the two longitudinal ends of the 

stent 10 form end portions 20 of the stent. The annularly closed, zigzag-folded legs 
which form the end closure portions 20 are provided in portion-wise manner with 
marker elements 22. While the legs 12 and 16 of the stent 10 are preferably made 
from a nitinol tube as starting material by cutting it out by means of a laser or by 
spark erosion, the marker elements 22 are subsequently welded to the legs 12. 
[0022] For that purpose, in the case of the example shown in Figure 1, in 

production of the carrier structure by cutting out the legs 12 and 16 from a nitinol 
tube, corresponding apertures are provided, into which the marker elements 22 are 
later welded. 

[0023] As an alternative thereto, it is also possible for the end portions 20 to 

be produced independently of the rest of the carrier structure of the stent 10 and to be 
prefabricated, for example completely from a nitinol wire, for example one with a 
gold core. In that case, the entire end portions 20 respectively form a continuous X- 
ray marker which, after the operation of cutting out the rest of the carrier structure 
from a nitinol tube, is connected to the outermost connecting legs 24 by welding. 
That variant is not specifically shown in Figure 1 as the only difference in relation to 
the illustration in Figure 1 is that the entire end portion 20 forms a continuous marker 
element 22. 
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[0024] In a further variant, one or more individual marker elements are 

welded to the carrier structure of a stent 10, as is shown in Figure 1. This variant is 
shown in Figure 4. Accordingly, the entire carrier structure of the stent including the 
end portions 20 is cut out of a nitinol tube and only the marker elements 22' are 
subsequently welded to that carrier structure. 

[0025] As can be seen from the cross-section through an X-ray marker 22 and 

22' respectively in Fig. 3, it is formed by a wire 30 which, in its interior, includes a 
core 32 of X-ray-opaque material such as for example gold. That core 32 is 
completely enclosed by carrier material 34. In that respect, the carrier material 34 
corresponds to the metallic material from which the rest of the stent 10 is produced. 
A preferred carrier material is nitinol, a titanium nickel alloy, which is also referred to 
as a shape memory metal. The advantage of such an X-ray marker is that it can be 
readily joined to the rest of the carrier structure of a stent, for example by welding, 
without the per se known problems such as transition or contact corrosion occurring. 
That is of great significance, in particular in the case of self-expanding stents 
comprising a shape memory metal such as nitinol. 

[0026] Shape memory metals such as nitinol are preferably used for self- 

expanding stents. The particularity of such a shape memory metal is that it can 
assume two shape conditions and it makes a transition from the first shape condition 
into the second stable shape condition when a change temperature is exceeded. In 
regard to stents, the first shape condition corresponds to the compressed condition of 
the stent in which it is introduced for example into a blood vessel or is fitted onto a 
stent delivery catheter. When the change temperature is reached, the stent has a 
tendency to assume its expanded condition and develops corresponding expansion 
forces which have the desired, vessels supporting effect. In that way the stent 
possibly does not need to be expanded and plastically deformed by means of a 
balloon. The advantages and preferred design variants of self-expanding stents, in 
particular of shape memory metals such as nitinol, are basically known to the person 
skilled in the art. The advantage of a marker element of the kind described herein is 
that this marker element can basically be combined with all known forms of self- 
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expanding stents, in particular also those of nitinol, without corrosion problems 
occurring in stents. 
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